Objective: Assessing the level of adherence and its determinants is important in appraising the overall effectiveness of trials. The present study aimed to evaluate the extent of adherence and its determinants in a pragmatic randomized controlled trial of Fe prophylaxis during pregnancy in Maputo, Mozambique. Design: A pragmatic randomized controlled trial. Setting: Two health centres (1 o de Maio and Machava) in Maputo, Mozambique. Subjects: Pregnant women (≥12 weeks' gestation, ≥18 years old, non-high-risk pregnancy; n 4326) attending prenatal care consultations at two health centres were randomized to receive routine Fe (n 2184; 60 mg ferrous sulfate plus 400 μg folic acid daily throughout pregnancy) or selective Fe (n 2142; screening and treatment for anaemia and daily intake of 1 mg folic acid). Results: The level of adherence was 79 % for having two or more visits, 53 % for adequate prenatal care and 67 % for complete intake of Fe/folic acid tablets during the trial. The correlation between the adherence measures ranged between 0·151 and 0·739. Adherence did not differ by trial arm, but there were centre differences in adequate prenatal visits and intake of tablets. Older women (>20 years) and those with a history of abortion were more likely to achieve greater adherence, whereas an increased number of previous births decreased the likelihood of adherence. HIV positivity decreased the likelihood of adherence in one trial centre and increased it in the other. Conclusions: The variation in adherence by trial centre, women's characteristics and outcome measures suggests that adherence in trials fully depends on participants' behaviour and can be increased by paying attention to contextual factors.
Adherence in trials is important because it can serve both as an indicator of the success of the intervention and as a predictor of study outcomes (1) (2) (3) . Adherence is generally defined as the extent to which a patient follows advice regarding health, such as taking medication, modifying risky habits and keeping scheduled medical appointments (1, 3) . Extensive research has been undertaken to study the level of adherence and its impact on health outcomes in trials of various health interventions. In developing country settings, most studies on trial adherence have focused on antiretroviral therapy for HIV (4) (5) (6) . There are however limited data on the extent of adherence in trials of interventions other than HIV therapy in developing countries. In these settings, health-care systems are inadequate, with several structural difficulties that impede health programme implementation and accessibility (7, 8) . Consequently, achieving adequate follow-up of study participants and ensuring their optimal adherence to medications and the trial protocol are challenging.
Fe-deficiency anaemia remains common in many developing countries (9) (10) (11) . While prophylactic Fe supplementation has been shown to ameliorate Fe-deficiency anaemia in these settings (12) , its effect on the mother and child has so far yielded mixed findings (5, 13) . There is evidence that Fe may increase the incidence of infections (13) (14) (15) , and this heightens the concern about routine Fe supplementation in malaria-endemic and HIV-prone developing countries. We set out to evaluate the effects of prophylactic Fe supplementation during pregnancy on maternal and child health in Maputo, Mozambique, a malaria-endemic and HIV-prevalent setting (13, 16) . Specifically, we carried out a pragmatic randomized controlled trial comparing routine Fe prophylaxis (i.e. routine Fe supplementation from the first prenatal visit until delivery) v. selective Fe prophylaxis (i.e. screening for anaemia and Fe supplementation only to those found to be anaemic) during pregnancy (13, 16) . Pragmatic trials are useful for comparing and informing choices between different treatment policies and are more suitable to study effects in normal clinical practice. In these types of trial design, placebo and blinding are not customary (17) (18) (19) . The trial provided us with an opportunity to learn more about adherence in this setting.
An objective of the trial was to evaluate whether the two Fe administration policies are feasible in an ordinary health-care setting. Evaluating the level of adherence to trials of Fe supplementation and assessing potential determinants of adherence may constitute a key step in ascertaining the effectiveness of prophylactic Fe supplementation (20) . Several studies in real life have shown that maternal educational status, age, socio-economic status, forgetfulness, perceived side-effects of medications, medication delivery mechanisms, nutritional status and risky behaviours such as smoking and alcohol intake were some of the main determinants of adherence to Fe or other multivitamin supplementation, particularly in developing country settings (20) (21) (22) (23) . The aim of the present paper was to examine the extent of participants' adherence to the trial and to assess the factors that may influence adherence.
Methods

Study design and participants
The details of the PROFEG Trial have been described elsewhere (13, 16) . The trial was designed as a pragmatic randomized trial comparing two Fe administration policies on maternal and child health in two health centres (1 o de Maio and Machava) in Maputo: routine Fe (Fe prophylaxis from the first to the last prenatal visit) v. selective Fe (screening and treatment for anaemia). Women who were not at high obstetric risk and those aged 18 years and older were included in the study. Altogether, 2184 women were randomized to the routine Fe group and 2142 women to the selective Fe group. The routine Fe group received 30 tablets (supply of one month) of 60 mg elemental Fe as ferrous sulfate plus 400 μg folic acid per day, while those in the selective Fe group received 30 tablets of 1 mg folic acid per day, calculated to last to the next visit; the recommended frequency of visits was once per month.
At each visit, the women were instructed and encouraged to take the Fe/folic acid tablets they were given. The Hb of women in the selective Fe group was measured at each visit using a rapid Hb measure, HemoCue ® Hb 201+ (Hemocue AB, Ängelholm, Sweden). If their Hb level was below the cut-off of <9 g/l, they received a monthly double dose of Fe (60 mg + 60 mg) for the treatment of anaemia. The tablets were given in a plastic bag with the drug's name and dose on it.
Ethical approval for the study was obtained from the Data collections for the study were done using standard study data forms involving three methods: (i) study nurses abstracted data from mothers' maternity cards; (ii) study nurses asked women additional questions at the time of the prenatal visits; and (iii) researchers later collected birth data from hospital birth records. Only data during pregnancy are used in the current paper. The study women were identified by the colour of the identification card stapled to their maternity card.
Adherence
Three measures of adherence were used: (i) acceptable number of prenatal visits; (ii) adequate prenatal visits index; and (iii) adequacy of intake of Fe/folic acid tablets during the trial. Women having two or more visits (including the recruitment visit) were categorized as having an acceptable number of visits. An adequate prenatal visits index was calculated by using the Adequacy of Prenatal Care Utilization (APNCU) index (24) . The APNCU index takes into account the gestational age at the initiation of care, the number of expected prenatal care visits and the number of observed visits. Here we categorized the adequate prenatal visits index into two: inadequate care (i.e. started prenatal visits after the 5th month or ≤50 % of expected visits made) v. adequate care (i.e. started prenatal visits before or at the 5th month and >50 % of expected visits made). The information on prenatal visits was obtained from the nurses' confirmation of a visit recorded on mothers' maternity cards.
Adequate adherence with regard to intake of Fe/folic acid tablets was defined as the intake of tablets reported at every visit attended by the woman. The woman was asked the following questions at each visit: 'Did you take the tablets during the past week?', with response options of 'regularly', 'sometimes yes and sometimes no' and 'no'. Women answering 'regularly' at each visit attended were defined as compliant. Women taking the Fe tablets were not differentiated from those taking the folic acid tablets in this question.
Statistical analysis
Women who were at 34 weeks' gestation or more at the recruitment visit (n 134) were excluded from all analyses, as most can be expected to have given birth before they could return for the next follow-up visit. Descriptive analysis was done using Pearson's χ 2 or Fisher's exact test. The bivariate correlations between the adherence measures were analysed using Pearson's correlations.
We applied logistic regression to study the determinants of adherence. The covariates studied were maternal age, previous births, history of abortion (induced or spontaneous), history of stillbirth and HIV status at enrolment. Each of the covariates was independently studied in a bivariate analysis in relation to each outcome. To examine the most important determinants of adherence, we applied stepwise logistic regression by including together all the variables that achieved a P value of ≤0·20 in the bivariate association with each of the adherence measures. All the variables that remained at the last stage of the stepwise model were simultaneously adjusted. The estimates for the determinants of adherence are presented as odds ratios accompanied by their 95 % confidence intervals. Statistical significance was taken as P < 0·05. The STATA 11 statistical software package was used for the analyses.
Results
Of the 4326 women recruited to the trial, 2184 were randomly allocated to the routine Fe group and 2142 to the selective Fe group. After exclusion of the 134 women who were at 34 weeks' gestation or more at enrolment, 2126 and 2066 women were in the routine and selective Fe groups, respectively. In each study centre, the distribution of the background characteristics was comparable between the two groups (Table 1) . Women in the Machava study centre were significantly older, more likely to have HIV infection at enrolment, had more previous births and were more likely to have a stillbirth than women in the 1 o de Maio centre (data not shown). Table 2 compares the adherence measures between the routine and selective Fe groups in each study centre. Most women (at least 92 % of all women) had two or more prenatal visits during the trial period and about half had adequate prenatal care. Most women took the Fe/folic acid tablets regularly at each follow-up visit, but 67 % of all women had regular intake of tablets throughout all visits. Each adherence measure was equally distributed between the trial groups in each centre. The number of prenatal visits was not statistically significantly different between the centres, but women attending the Machava study centre were more likely to have an adequate prenatal visits index than those from the 1 o de Maio study centre. Women attending the 1 o de Maio study centre were more likely to take the tablets than women who attended the Machava study centre.
The overall correlation coefficient between the number of visits and regular intake of tablets was low (0·151), while between an adequate prenatal visits index and regular intake of tablets, it was 0·203 (Table 3 ). The correlation between number of visits and adequacy of prenatal care seemed to measure the same thing, with a correlation coefficient of 0·739 (Table 3) . Table 4 shows the results of the bivariate analysis between each studied covariate and having two or more visits during the trial, for the two study centres combined and stratified by centre. Combining study centres, women ≥30 years old were more likely to have two or more prenatal visits compared with women aged ≤20 years. These results were similar in the two study centres when taken separately. Combining the study centres, women having had one previous birth were less likely to have two or more visits when compared with women who had no previous birth. These results were similar in the 1 o de Maio centre but differed in the Machava centre, so that having two or more previous births increased the likelihood of having two or more visits. HIV positivity at recruitment was associated with less likelihood of having two or more visits. Having a previous abortion (induced or spontaneous) was positively associated with having two or more prenatal visits. Previous history of stillbirth was not statistically significantly associated with having two or more visits. The stepwise regression model examined the important determinants of having two or more visits while adjusting for the covariates. According to the model, increasing maternal age and having previous abortions increased the likelihood of having two or more visits, while having one or more previous births and HIV positivity decreased the likelihood (Table 4) . Table 5 shows the results of the associations between the covariates and the adequate prenatal visits index, for the two study centres combined and stratified by centre. In the Machava centre separately and in the study centres combined, women ≥30 years old were more likely to have an adequate prenatal visits index compared with women aged ≤20 years. When combining the study centres, women having had one previous birth were less likely to have an adequate prenatal visits index compared with women who had no previous birth. These results were similar in both study centres. HIV positivity at recruitment was associated with less likelihood of having an adequate prenatal visits index in both centres combined and each centre separately. Having had a previous abortion (induced or spontaneous) was positively associated with having adequate prenatal visits in the two centres combined and in the Machava centre but not the 1 o de Maio centre separately. Previous history of stillbirth was not statistically significantly associated with the adequate prenatal visits index. In the stepwise regression model and after adjustments, increasing maternal age and having previous abortions increased the likelihood of an adequate prenatal visits index, while having one or more previous births and HIV positivity decreased the likelihood (Table 5) . Table 6 shows the results of the associations between each studied covariate and regular intake of tablets during the trial for the two study centres combined and stratified by centre. Women ≥30 years old were more likely to have had a regular intake of tablets compared with women aged ≤20 years in both centres combined and in the Machava centre separately. Combining the study centres, women having one previous birth were less likely to have had a regular intake of tablets compared with women who had had no previous birth, but having two or more P values for the differences between the study centres: number of visits (P = 0·131); adequate prenatal visits index (P < 0·001); intake of tablets (P < 0·001). *Women (n 134) who were ≥34 weeks' gestation were excluded. †P value from Fisher's exact test (for cells with expected frequency ≤ 5) or χ 2 test of difference in compliance between the routine and selective Fe groups in each study centre.
‡Including recruitment visit. §Includes those who missed regular intake at least once.
previous births increased the likelihood of having had a regular intake of tablets in the Machava centre but not in 1 o de Maio centre separately. HIV positivity at recruitment was associated with less likelihood of having had a regular intake of tablets in the 1 o de Maio centre but increased the likelihood in the Machava centre. Having a previous abortion (induced or spontaneous) was positively associated with having a regular intake of tablets only in the 1 o de Maio study centre. Previous history of stillbirth was not statistically significantly associated with a regular intake of tablets. In the stepwise regression model and after adjustment for the covariates, increasing maternal age increased the likelihood of having had a regular intake of tablets in both centres combined and in the Machava centre separately. Having one or more previous births decreased the likelihood of having had a regular intake of tablets only in the two centres combined. HIV positivity decreased the likelihood of having had a regular intake of tablets in the 1 o de Maio centre while it increased the likelihood in the Machava centre. Finally, having a previous abortion increased the likelihood of having had a regular intake of tablets only in the 1 o de Maio centre (Table 6 ). Ref., referent category. *The determinants that achieved P ≤ 0·20 in the unadjusted model were studied together in a stepwise regression model. †Only estimates of the variables that remained in the last stage of the stepwise model are presented here after simultaneous adjustment.
Discussion
Adherence in the present study was measured by the number of prenatal visits, an adequate prenatal visits index and the complete intake of Fe/folic acid tablets. The level of adherence depended on the measure used to define it: 79 % of women had at least two visits during the trial; 67 % had had a regular intake of Fe/folic acid tablets in all visits; and only about half had an adequate prenatal visits index. Adherence did not differ by trial arm, but varied unsystematically by study centre. Older women (>20 years) and those with a history of abortion were more likely to achieve greater adherence, whereas an increasing number of previous births decreased the likelihood of adherence. HIV positivity either decreased or increased the likelihood of adherence, depending on the trial centre. We found only two previous trials that examined adherence and its determinants in Fe prophylaxis during pregnancy in developing country settings. Kulkarni et al. (20) measured adherence by the percentage of total eligible dose of Fe/folic acid consumed during pregnancy through the postpartum and found that only 49 % of women who participated in an Fe prophylactic trial in Nepal achieved high adherence (defined as being in the upper median of adherence). The level of adherence in that study was lower than the level observed in our study (67 %) with regard to complete intake of Fe/folic acid tablets. One of the key determinants of adherence in that particular study was maternal age, which is comparable to our results, showing that older maternal age could influence greater adherence to the trial protocol.
In a trial in the Philippines, Lutsey et al. (21) defined adherence as the timeliness of the first prenatal visit, visits per month and pill count, and found that only 40 % of women achieved the expected adherence in terms of pill count, which was also lower than the adherence achieved in our study using any of the indicators for adherence. In the Filipino study, married women were more likely to have greater adherence, while having more children was associated with lower adherence (21) . We did not study the influence of marital status on adherence, but the observed lower likelihood of adherence with an increasing number of children is comparable to our study.
Adherence did not differ by trial arm in our study. But the level of adherence with regard to adequacy of prenatal care and intake of tablets varied between the two study centres. Ref., referent category. *The determinants that achieved P ≤ 0·20 in the unadjusted model were studied together in a stepwise regression model. †Only estimates of the variables that remained in the last stage of the stepwise model are presented here after simultaneous adjustment.
The variation by centre suggests that from the practical point of view, adherence can be influenced. While the determinants of adherence were in general similar between the study centres, the decreased likelihood of complete intake of Fe/folic acid tablets in 1 o de Maio and increased likelihood in Machava as a result of HIV positivity could highlight some differences in the health-care systems between the two centres with regard to handling of HIV cases or the way instructions or programmes regarding HIV testing are given. From our experience, 1 o de Maio was usually busier than Machava with regard to maternal health programmes undertaken and women seemed better followed up for their HIV in 1 o de Maio than in Machava.
As a critical measure for assessing the success of a trial (1) (2) (3) , the failure of participants to adhere to instructions in a trial protocol would undermine the possibility of evaluating the overall effectiveness of a trial (1) (2) (3) . The level of adherence in a trial could also be a predictor of the outcomes in a trial (20) . Consequently, measuring and monitoring adherence in a trial and evaluating its potential determinants are important. Some of the indicators used to assess adherence in trials include following instructions regarding a medication regimen, behaviours regarding instructions on risky habit modification and keeping scheduled medical appointments (1, 3) .
Clearly, each of the indicators used to assess adherence may be measuring different aspects of adherence, thus they may be providing distinctive information on the success of different aspects of a trial. Lutsey et al. observed correlation coefficients between 0·548 and 0·683 between the adherence indicators they studied (timeliness of first prenatal visit, visits per month and pill count) (21) . In the current study, we measured adherence using three indicators: number of visits during the trial; adequacy of prenatal care; and complete intake of Fe/folic acid tablets during the trial. The correlation coefficients between these indicators ranged from 0·151 to 0·739, which suggests that each indicator may be measuring a different aspect of adherence to the trial. Accordingly, studies should endeavour to evaluate adherence using different measures in order to gain a more comprehensive perspective on how the participants in a trial adhere to the different aspects of the trial protocol.
Conclusion
In the current pragmatic trial on Fe prophylaxis during pregnancy, women's adherence to the trial protocols with regard to number of prenatal visits and intake of Fe/folic acid tablets was above the 50th percentile. Key determinants Ref., referent category. *The determinants that achieved P ≤0·20 in the unadjusted model were studied together in a stepwise regression model. †Only estimates of the variables that remained in the last stage of the stepwise model are presented here after simultaneous adjustment.
of adherence were maternal age, number of previous births, HIV status and a history of abortion; consequently they should be taken into account in trials evaluating the effectiveness of prophylactic Fe supplementation during pregnancy in developing country settings. The observed centre differences in the level of adherence and its determinants may indicate that each trial centre should be carefully studied to understand the characteristics that may undermine or promote women's adherence to the trial protocol.
